Introduction
Silicon carbide (SiC) has attracted great attention due to its excellent power device properties such as wide band gap, high electric break down field, a large saturated drift velocity and so on [1, 2] . However, various kinds of defects such as basal plane dislocations (BPDs), threading screw dislocations (TSDs) and stacking faults (SFs) are introduced during crystal growth, which reduce the performance of power device [3, 4] . One way of achieving a high quality SiC crystal is solution growth method. Solution growth has an advantage to grow high quality crystals because the condition of solution growth is close to thermal equilibrium [5] . Indeed high quality SiC crystals have been obtained [5] [6] [7] .
Another problem in crystal growth of SiC is polytype transformation which also reduces the performance of power device. SiC displays a large number of different polytype structures with different stacking of Si-C bilayer. Among many polytypes, 4H-SiC has been recognized as the most attractive power device materials due to its higher properties than other polytypes. However, it has been often difficult to stably grow 4H-SiC because SiC can easily transform to other polytypes by solution growth method. Therefore, in the present study, we investigate the polytype transformation path during the solution growth on 4H-SiC seed crystals.
Experimental
SiC single crystals were grown on 4H-SiC (0001) Si-face on-axis seed crystal by top seeded solution growth (TSSG) technique. High purity silicon (11N) were placed in a carbon crucible and held in a vertical temperature gradient of 32 K/cm. A 4H-SiC seed crystal with the dimension of 5×10 mm 2 was mounted on the top of the graphite rod using a graphite adhesive. The graphite rod was then inserted into silicon solvent and the seed crystal was kept at 1853 K for 1 hour under a high purity Ar gas flow. After the growth, residual Si solvent on the grown crystal was removed by the mixture of HNO 3 and HF.
The polytypic identification of grown crystal was characterized by micro-Raman spectroscopy [8] by using Renishaw inVia Raman microscope. The wavelength of incident laser was 532 nm and the spot size was about 10 μm. Micro-Raman mapping was carried out with the mapping interval of 100 μm. The surface morphology of grown crystals was examined by differential interference contrast (DIC) microscopy using Nomarski-type prism.
In order to investigate the evolution of polytype transformation, we also carry on the solution growth using a grown crystal as a seed crystal at 1853 K for additional 1 hour (total 2 hours) after the evaluation of the grown crystal. Figure 1 shows the DIC images of the whole grown crystals on 4H-SiC Si-face at 1853 K for 1 hour and 2 hours. Many hillocks are observed on the whole crystals. The fact indicates SiC crystals mainly grow by spiral growth mechanism on 4H-SiC (0001) Si-face on-axis seed crystals by TSSG method. Figure 2 by white square in Figure 1 (a) and (b) . Path of the polytypic transformation on 4H-SiC (0001) Si-face is summarized in Figure 3 . After the solution growth for 1 hour, the polytype transformations to 6H and 15R occur in about 20% and 50% of grown crystal, respectively, while 30% of 4H-SiC remains unchange as shown in Figure 2 (c). After the crystal growth for additional 1 hour (total 2 hours), 30% of 4H-SiC also remains unchange. On the other hand, about 20% of 15R-SiC transform to 6H. These results indicate that the polytype transformation on 4H-SiC (0001) Si-face occurs at a very early stage of the solution growth (less than 1 hour) and once 4H-SiC grown on the seed crystal, 4H-SiC can stably grow without polytype transformation.
Results and Discussion
In addition the path of the polytypic transformation is limited. Therefore, final production of solution growth on 4H-SiC seed crystal would be 4H and 6H-SiC. Figure 4 shows the DIC images obtained from the crystal grown for 1 hour. In the areas identified as 4H-SiC by the micro-Raman mapping, two different types of hillocks were observed as shown in Figure 4 (a) and (b). One type of hillocks is regular hexagonal shape (a) and the other type is regular triangle shape. In the areas of 6H-SiC, only regular hexagonal hillocks were observed (Figure 4 (c) ). On the other hand, in the areas of 15R-SiC, different hexagonal shape of hillocks was observed as shown in Figure (d) . Such different shapes of hillocks would be derived from the spiral structure in atomic scale. More detail will be discussed elsewhere. In this way we figured out relationship between polytype and surface morphology
Summary
Polytype transformation of SiC single crystals grown on 4H-SiC (0001) Si-face on-axis seed crystals by top seeded solution growth (TSSG) technique were examined by micro-Raman spectroscopy as well as DIC microscopy with Nomarski prism. Micro-Raman spectroscopy revealed that 4H transforms to 6H and 15R, 6H hardly transform to other polytype, and 15R transform to 6H.
